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INTRODUCTION 
Many workers have dealt with the intertidal zonation of animals and plants 
of the rocky shore (cf. Gislen 1930, Chapman 1946, Feldmann 1951, Doty 1957, 
Southward 1958). It is assumed that the zonal arrangement of the intertidal 
organisms is governed by the gradient of the environmental factors such as tide, 
wave action, illumination and so on from the higher to the lower level of the shore. 
On the other hand, an ecological succession of organisms bad been detected 
on an artificially denuded rock surface and on the substratum in the intn-tidal and 
subtidal region (Wilson 1925, Pierron and Huang 1926, Hatton 1932, Hewatt 1935, 
Kitching 1937, Bokenham 1938, Rees 1940, Pyefinch 1943, Fahey 1945, Kanda 1947, 
Northcraft 1948, Fahey and Doty 1949, Guiler 1959, '54, Katada and Matsui 1953, 
'54, Reish 1962). Chapman (1943, '46) mentioned that the study of the recoloniza-
tion on the denuded surface is one of the most useful methods to analyse the 
mechanism of zoning. It is evident that the occurrence of the zone-forming species 
fluctuates seasonally and yearly. By the artificial denudation at some selected 
places in Matsushima Bay, it was revealed that the zonal structure of sessile animals 
was formed tln-ough successive replacement of the early settlers by the covering 
of the later arrivals (Hoshiai 1958, '59). These facts suggest that zonation should 
be examined with regard to the successive change of the zone constituent with 
the lapse of time. 
In this paper, an attempt is made to generalize the results of the studies 
performed in Matsushima Bay with respect to the zone-formation. For this 
purpose it is also necessary to ascertain the results of other localitiee. As the 
zonal structures previously studied were composed mainly of animal zones in 
Matsushima Bay, it is desirable to investigate the zonal structures composed 
1) Contributions from the Marine Biological Station of Asamushi, Aomori Ken, No. 324. 
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of both animal zones and plant zones. Thus, the coastal area of Asamushi vicinity 
was selected for the study, where the zonation consists of both animal zones 
and plant zones. At first the zonal structures were observed with regard to the 
environmental conditions and subsequently the recolonization on the artificially 
denuded rock surface was examined at the place selected for the purpose in different 
seasons during the period from 1958 to 1964. 
The writer thanks Professor Mutsuo Kat6 of the Biological Institute of the 
T6holrn University for his kind guidance and criticism during the course of this work. 
The writer is also indebted to Doctors. Etur6 Hirai and Makoto Toriumi of the 
Marine Biological Station of the T6hoku University for their encouragements. 
Thanks are due to Professor Masahiko Takamatsu of the Hirosaki University for 
his kind identification of the algal species. 
Fig. l.Mn.p showing the west 
coast of the Natsudomari Penin-
sula. An association having no 
Mytilus zone appeares in the part 
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GENERAL ENVIRONMENTAL C~,NDITIONS OF THE SEA SHORE 
Locality where observations were made is the west coast of the Natsudomari 
Peninsula, which had been described by Hozawa (1926). Some detailed works 
were carried out in the coastal area from Futagohana to Asamushi (Fig. 1). 
The seasonal change of the climatic and oceanographic conditions is shown in 
Fig. 2 based upon the mqnthly mean value of the air temperature, the sea water 
temperature and the chlorinity of sea water during 1959. These values were 
calculated from the data of the routine work on the shlngle beach and boulder shore 
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Fig. 2 Seasonal change of the air temperature (solid line), the sea water temperature· 
(broken line) and the ch.lorinity (circles) during 1959. 
Although continuous and exact tidal observations were not performed, the 
predicted tide table made at the Hakodate Marine Observatory is applicable to 
the Asamushi area with some corrections. A part of the tide curve of the 
Asamushi area calculated from the predicted tide table mentioned above is shown 
in Fig. 3. The ,tide is of the irregular semidiurnal type or the mixed tide. The 
highest higher high water level, the mean sea level and the lowest lower low water 
level in each month during 1959 are indicated in Fig. 4. The mean value of each 
of the tluee levels mentioned above is shown by the broken line. The sea level 
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Fig. 3 Predicted tide curve of the Asamushi coastal area from the 1st to the 16th April, 1959. 
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Fig. 4 Seasonal change of the highest higher high water level, the mea,n sen. level and 
tho lowest lower low water level during 1959. HH,VL-mean highest higher high water 
level ; MSL--mean sen. level ; LL,VL-mean lowest lower low water level. 
is higher in autumn and lower in spring. The lower low tide occurs in the daytime 
during spring and summer and at night during autumn and winter. 
The wind direction and wind intensity were observed twice a day, at 9: 00 
a. m. and 4: 00 p.m. The wind intensity was calssified into six classes by the 
appearance of the waves and breakers as follows; 
Class Remarks 
0 Sea water surface is smooth or with ouly ripples. 
I Waves occur. 
II Some of the waves break. 
III Half of the waves break. 
IV Almost of the waves break. 
V Breakers become higher. 
SYNECOLOGICAL STUDY ON INTERTIDAL COMMUNITIES 97 
Fig. 5 The wind force (black part) and the frequency of the wind (white part) 
experienced during 1959. 
Conveniently, the wind strength during 1959 may be represented by the total 
amount of the mentioned class number showing the wind intensity in each of the 
eight directions. The wind strength and the frequency of the wind experienced dur-
ing 1959 are shown in Fig. 5, in which the direction is also given. The prevailing 
wind is the westerly and subordinately the easterlif, which, however, blows 
frequently in summer. 
GENERAL ASPECT OF EPIBIOSES ON THE ROCKY SHORE 
Throughout the Asamushi coastal area six zones are distingushed in a broad 
way. The barnacle zone, the mussel zone, the serpulid zone, the sargassum zone, 
the coralline zon~ and the encrusting calcareous algal zone are arranged in the order 
named from {he supratidal to subtidal zone. The serpulid zone is somewhat 
inferior to the others. 
Above the barnacle zone N odilittorina granularis and Littorina br""icula are 
abundant and sometimes Oollisella grata is seen to form colonies. 
The barnacle zone is composed of Ohthamalus challengeri. Rarely a few 
Tetraclita squamose' japonica appear at the lower part of this zone. Omssostrea 
gigas and Gloiopertis Julcata occur at the lower part of the Ohthamalus zone. The 
two species of periwincles and Oollisella heroldi are the common roving species in 
this zone. 
The serpulid zone is composed of mainly Pomatoleios crosslandi accompanied 
with l!ydroides sp. Olaudiconcha japonica was found commonly among the tubes 
of P. crosslandi. The lower limit of the distribution range of I!ydroides sp. 
extends down to the subtidal zone, where it is distributed uniformly but sparsely. 
The mussel zone is remarkable through the coastal area observed. SeptifrJr 
vi>yatus, Mytilus eilulis and Mytilus coruscus are the constituents of this zone. 
S. virgatus prefers the wave·exposed site compared with M. edulis though the hori-
zontal distribution ranges of the two species considerably overlap each other. 
M. coruscus is few and less important as a zone-former. Oollisella heroldi and 
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Manoinella bronni are commonly found in this zone. The mussel zone bears epizoic 
animals and plants and also possesses the hypo biotic communities. 
The coralline zone is composed of mainly Oorallina pilulifera. Maneinella 
bronni aggregates here and there is the little holes in this zone. LaU'rencia spp., 
Ohonilria erassieauris and Symphyoelailia latiuseula appear abundantly at the upper 
part of this zone. Unilaria pinnatijiila is occasionally found in the lower part of 
this zone. 
The sargassum zone is characterized by three species of Sargassum viz. Sar. 
thunbergii, Sar. hemiphili!U1n and Sar. tortile. The Sar .. thwtbergii zone is formed 
at the midclle part of the intertidal region and the Sar. hemiphillum zone is between 
M.S.L. (annual mean sea level) and the level of 100 em below L.L.W.L. (mean 
lowest lower low water level). The horizonatal distribution ranges of those two 
species considerably overlap each other. The Sar. tortile zone is usually found below 
L.L.W.L. The habitat of Sm·. tortile is restricted to a rather wave-protected place. 
Septifer /ceenae, P. erosslanili and Hyilroiiles sp. appear at the holdfast of Sar. 
thunbergii. .Mocliolus nipponieus, Area bouearilii, Potamilla myriopu$ and 
Metriilium senile var. fimbli"tum are common in the Sar. hemiphillum zone. Oora.l-
lina pilulifera, Dietyot.a ilichotoma, Gymnogon,glus flavellifonnis, Am·osm·ium yendoi 
and so on appear as the common undergrowth of Sar. hemiphillum. Siphonaria 
japonica is conspicuous in the Sm-. thunbmyii zone and Retieunassa fraberculus 
hypolius, Ocenebra japonica and hermit crabs are conspicuous motlie fornls in the 
Sargassum zone. 
The encrusting calcareons algal zone is characterized by Melobcsioideae sp. 
Metriclium senile var. fimbliatum, some kinds of hydrozoans; Balanus trigonus, B. 
rostratus; Hy(lroides sp., Spirorbis. spp;; Ostrea circttmpicta, Anomia sinensis, 
Area boucarilii; Styela clava are commonly perceptible in this zone. St1·ongylo-
eentmtus nuilU$, Aste1-ias amu1'C11Sis and Aphelaste1-ias japonica are frequently found 
distributed in this zone. 
STRUCTURE OF IN'fERTIDAL ZONATION 
Only the macroscopic sessile animals and algae were studied quantitatively. 
A transect of 50 em in width was set across the zones and it was horizontally divid-
ed into rectangular sections of 10 cmx50 em and the coverage of the constituent 
species was es:timated in each of the sections. 
1. Gomejima island 
The zonal structure of Gmnejima islancl should be mentioned as one of the 
representatives. The larger part of the coast of Gomejima island consists of steep 
and relatively smooth cliff surface. Fourteen stations were selected around the 
island. The results shown in Fig. 6 were obtained dming Augnst, 1963. 
Sts. l and 2 are situated on the east coast. The zonal structure of St. 1 is com-
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F1g. 6 The zonation of Gomejima island. I. Ohthamalus, 2. serpulids, 3. SeJJlifer, 
4. Mytilus, 5. Melobesioideae sp., 6. Oorallina, 7. Sargassum thunbergii, 8. Sar. ltemiphillum. 
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posed the Ohthamalus zone and the Melobesioideae zone. At St. 2, the Mytilus 
zone, the serpulid zone and the Sar. hemiphillum and Oorallina zone occur between 
the Ohthamalus zone and the Melobesioidcae zone. At Sts. 3 and 4 facing the 
northwest, the serpuild zone and the Sar. hemiphillum and Oorallina zone disappear 
and the zonal structure if formed by the Ohthamalus zone, the Septifer zone, the 
Mytilus zone and the Melobesioideae zone. In the subtidal part of the Melobesi-
oideae zone, Balanus trigonus, B. rostratus and Hydroides sp. are distributed. U. 
pinnat~fida appears here during spring a dusmmer. At St. 5 the Mytilus zone 
becomes narrow and on the contrary the Oorallina zone widens. At Sts. 6, 7, s; 9 
and 10 which face the west, the Oorallina zone does not appear and M. edulis 
occupies the whole area of the intertidal region and the upper part of the subtidal 
region. The lower limit of the Mytilus zo1,1e is the level at two meters below L. 
L.W.L. At Sts. 11, 12 and 13 facing the south, there the Bar. hemiphillum zone 
appears between the Mytilus zone and the Melobesioideae zone. Here, the 
Mytilus zone becomes narrower and the Sar. hemiphillum zone extends conversely. 
Oor. pilulifera appears as the undergrowth of Sctr. hmniphillum. At St. 14 which 
faces the east the Mytilus zone disappears and the Ohthamalus zone, the Sar. 
thunbergii zone and the SM. hemiphillum zone are arranged in the order named 
from the upper part of the intertidal zone downwards. 
From the above observations it is found that the distribution of the zonal 
structure is related to the direction of the shore line. Such a zonal structure as the 
Mytilus zone is one of its remarkable constitutent zones, develops on the west 
shore. The Oorallinrt zone is conspicuous on the north shore and the zones of the 
two sa1·gassmn species are characteristic on the south shore and at the south end of 
the east shore. On the east shore, the zonation is composed of the Ohthamalus 
zone and the Melobesioideae zone. Not only the patterns of the zonal structure but 
also the vertical distribution range of the zone-forming species varies according 
to the direction of the coast line, namely both the upper limit and the lower limit of 
the Ohth"'m"'lus zone are higher on the west coast than on the others and they 
descend from the west shore towards the east shore. 'rhe vertical distribution 
range of M. eclulis also beeomes narrower from west to east with the elevation of 
its lower limit. 
The distribution of a zonal strueture to the direetion of the shore line seems 
to indieate a relation between the zonal structure and the wave action. As the 
prevailing wind of this district is the westerly, the wave action is most intense on 
the west coast. Frequently refraeted waves reaeh the south and the north shores. 
The degree of the wave-exposure is weak on the east coast, because the east wind 
blown from the land produces no large waves and the refracted waves produced by 
the west wind hardly reach this shore. It is conceivable that the illumination and 
its related f;etors such as desiccation are probably related to the direction of the 
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coast line. 
2. Futagahana area 
Another representative is the Futagohana area in which Futagohana and Futago-
jima island are included. The Futago headland projecting into Mutsu Bay in a 
west ward direction from the Natsudomari Peninsula has two shores, the north 
shore and the south one. , The south shore is composed of two stretches facing the 
west and south respectively. The north shore is steeper (50 to 80 degrees) than the 
south shore (20 to 50 degrees and vertical only at restricted parts). The rock 
surface of the larger part of the north shore is shaded from the sunshine of the 
midday (Fig. 7). 
The south shore: St. 1 is situated on the shaded clif!' facing the north, and is 
an extension of the south shore. The Ohtltamalus zone, the narrow JYlytilus zone, 
the Septifer zone, the wide Mytilus zone, the Oorallina zone and the Melobesioideae 
zone are found in the order named from the supratidal to the subtidal zone. U. 
pinnatifida appears from the lower part of the Oorallina zone to the upper part of 
the Melobesioideae zone during spring and summer. B. trigonus, B. 1'ostratus, 
Hydroides sp. and hydrozoans distribute in the Melobesioideae zone. St. 2 is on 
the steep cliff facing the west. The Ohthamalus zone, the Septifer zone, the 
Mytilus zone and· the Melobesioideae zone are present but the Oorallina zone and the 
species found in the Melobesioideac zone of St. 1 are absent in St. 2. Sts. 3 and 4 ar~ 
on the gentle slope facing the west. St. 4 is situated nearer to the head of an inlet 
than St. 3. 0. challengeri, S. virgatus, M. edulis and Melobesioideae sp. form zones 
at both station~· but the lower limit of the Mytilus zone of St. 4 is higher than 
that of St. 3 and Dictyota dichotoma fluorishes on the part between the lower 
limit of the Mytilus zone of St. 4 and the level corresponding to the lower limit of 
the Mytilus zone of St. 3. D. diclwtoma also appears on the flecks which were 
left uncovered by M. edulis in the lower part of the Mytilus zone and Oh. cmssicaulis 
occurs on the bare part within the upper part of the Mytilus zone. St. 5 is situated 
at the middle part of the inlet and faces the southwest. The Mytilus zone disappears 
from this station and the upper limit of the Melobesioideae zone is populated by 
Sar. thunbergii, around whose rhizomes S. virgatus aggregates. Sar. hemiphillum 
appears at the upper half of the Melobesioideae zone and there appears dense D. 
dichotoma as one of the undergrowths of Sar. hemiphillum. At St. 6 the zonal 
structure consists of the zones of 0. challengeri, S. virgatus, M. ed!Ulis ·and Melobesi-
oideae sp. and resembles that of St. 3. The zonal structure similar to that of St. 2 
is found at St. 7, which faces the south. St. 8 is situated at the head of the recess 
facing the south; and there the Ohthamalus zon~, the Septifer zone, the Mytilus 
zone, the Oorallina zone and the Melobesioideae zone are found. A few Sar. 
thunbergii are distributed at the lower part of the Ohthamalus zone. Sts. 9 and 11 
are situated at the tops of the protrusions facing the south, where are 'found the 
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Ohthamalus zone, the Septifer zone, the Mytilus zone and the Melobesioideae zone 
extending from the supraitdal to the subitdal zone. St. lO is located at the head 
of the recess between two spurs mentioned above. At St. lO the rock surface is a 
gentle slope and the vertical distribution range of M. edulis is narrow. Below the 
Mytilus zone, Sar. thunbergii forms a distinctive zone, below which the Oorallina 
zone, the Dictyopteria divaricata zone and the Melobesioideae zone are found in 
the named order from the above to below. Sts. 12 and 13 are situated on the 
south shore of Futagojima. The Ohthamalus zone, the Mytilus zone, the 
Oorallina zone and the Melobesioideae zone are arranged in the named order from 
the supratidal to the subtidal zone of St. 12. The zonal structure of St. 13 is 
composed of the Ohthamalus zone, the wide Mytilus zone and the Melobesioideae zone 
and it is noted that the Oorallina zone is absent from this station. 
The north shore: The zonal structure of St. 14 is similar to that of St. 13. 
At St.· 15 the Ohthamalus zone, the Septifer zone, two separated Mytilus zones, the 
Oorallina zone and the Melobesioideae zone are found and the zonation resembles 
that of St. 1. M. edulis disappears from St. 16 and on the contrary the Oorallina 
zone occupies the whole of the intertidal. St. 17 faces the northwest. The zona-
tion is composed of the Ohthamalus zone, the Septifer zone, the Mytilus zone and the 
Melobesioideae zone. St. 18 is situated on the inside of the entrance of another 
inlet. The Ohthamalus zone, the Myti/Jus zone and the Melobesioideae zone are 
found here, bnt the vertical distribution range of M. edulis is rather narrow. At 
the middle part of the Mytilus zone, M. edulis markedly decreases both in number 
and in coverage and on the contrary Sar. thunbergii and Cor. pil!ulifera become 
remarkable. The mussel zone is absent from S.t 19, the innermost part of the inlet. 
The Ohthamalus zone, the Oorallina zone, the Laur<mcia zone, the Dictyopteris zone 
and the Meliobesioideae zone are found at St. 19. Though St. 20 faces the west, 
the mussels appear here only as small patches, because of being situated in the 
middle part of the inlet. The Sar. thunbergii zone, the Oorallina zone aud the 
Dictyopteris zone are found here extending from the middle part of the intertidal 
zone to the subtidal one. At St. 21 outside of the inlet, the mussel zone is found 
again and the Ohthamalus zone, the narrow Mytilus zone, the Septifer zone, the wide 
Mytilus .zone and the Melobesioideae zone are found distributed from the supratidal 
to the subtidal zone. At St. 22 facing the north, 0. challengeri, S. virgatus, M. edulis 
and Melobesioideae sp. form zones in the order named from the supratidal zone down-
wards. At St. 22 the zonal structure resembles that of St. 21 but at the transitional 
part from the Septifer zone to the lower Mytilus zone both mussels decrease in 
number and in coverage and conversely Cor. pil!ulifera increases. St. 23 is at the 
top of the spur and the Ohthamalus zone, the Septifer zone, the Mytilus zone, the 
Oorallina zone and the Melobesioideae zone are arranged in the order named from 
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Fig. 7 The zonation of the Futagohana nreg,. 1. Chthamalus, 2. serpulids, 3. Septifer, 4. j)fytilus, 5. Melobesioideae sp., 6. Coraltina, 7. 
Sargassum thunbergii, 8. Sar. hemiphillum, .~ . Dictyota, 10. Dictyopteris, 11. Cltondria, 12. LauTencia spp. 
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inlet. Here the Mytilus zone disappears and the zonal structure is composed of the 
Chthamalus zone, the Septifer zone, the Corallina zone and the Melobesioideae zone. 
At Sts. 17, 21 and 22, B. trigonus, B. rostratus, Hyilroiiles sp. and hydrozoans are 
distributed in the Melobesioideae zone. 
The zonal structures ofSts. 1, 15, 17,21 and 22 are similar. to each other. All 
of them are formed on the steep cliff facing the north rind the shaded condition 
of the rock smface is common to all. The upper limit of the JJiytilus zone is biglicr 
than that of the Septifer zone and consequently a narrow Mytilus zone lies above 
the Septifer zone, below which a wide Mytilus zone appears again. At t,hese stations 
there appear B. t1·igonus, B. rostratus, Hyilroiiles sp. and hydrozoans and during 
spring and summer U. pinnatijiila. 
On the vertical surface of a concrete block of a pier near the Marine Biolop;ical 
Station the upper limit of the Mytil!us zone of the north and shaded surface is about 
20 em higher than that of the south and sunny smfacc, though the south surface is 
subjected to heavy wave action compared with the north surface. Also it was noted 
that B. trigonus, B. rostratus and Ifyilroides sp. are found in the Melobesioideae 
one on the north surface of the concrete block. Therefore it may he considered 
that the zonal structure of Sts. 3 and 4 of Gomejima and Sts. l, 15, 21 and 22 of 
Futagohana seems to be peculiar to the shaded condition. 
The vertical distribution range of M. edulis is narrower on the steep cliff than 
on the gentle sloping rock surface and it is also narrower on the north shore than 
on the south shore. This feature may be caused mainly by the wave action. 
Concerned•with the variation of the zonal structure, a similar sequence of the 
zonal structures accompanied with the indentation of the coast line is perceptible 
both on the north shore and on the south. At the top of the headland or spur 
there appears the zonation in which the Mytilus zone is found to occupy the 
greater part of the littoral region. Accompanied with entering into a recess or an 
inlet the Mytilus zone becomes narrower and the Corallina zone and the Sarga,ssum 
zone form their zones between the Chthamalus zone and the Melobeisoideae zone. 
The wave action is heavy at the top of the protruded part and weakens toward t,he 
inner part of the recess or the inlet. Thus the change of the zonal structure with 
the indentation of the coast line means that the zonal structure changes with the 
change of the wave intensity which is influenced by the topography. 
As a close relation between the zonal structures and the wave intensity seems 
evident, an attempt was made to ascertain the correspondence of the variation of the 
zonation with the degree of the wave intensity. , 
3. Hadakajima' island 
The coast line of Hadakajima island in front of the Marine Station is a 
suitable place for examining the relation between the intensity of the wave action 
and the variation of the zonal structure because it is of irregular polygonal form 
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and the coast line can be divided into six parts from A to F by the difference of the 
breaking surf on the sides (Fig. 8). Each side has its peculiar appearance of 
breaking waves. The appearance of the surf of a side varies accompanied with the 
difference of the wind direction and wind intensity. To estimate the intensity of 
the wave action it is convenient to usc the height of the surf which corresponds to 
the wind intensity. If the height of the surf is classified into six classes as given 
below, the wave intensity corresponding to a given wind condition at each of six 
parts of Hadakajima is as shown in Table I. 













'I ::: 2 3 


















Fig. 8 . The relation between the degree of. the wave-exposure and the zonal structure 
along the coast of Hadakajima island. The Arabic numerals show the intensity of the wave 
action. 1. Chtharna,lus, 2. serpulids, 3. Mytilus, 4. Melobesioideae sp. 5. Corallina, 6. 




































































A B C D E 
1 2 1 2 3 
1 1 0 1 2 
4 4 3 4 5 
3 3 2 3 4 
2 3 1 2 3 
1 2 1 1 3 
2 3 3 4 5 
2 2 3 3 4 
1 2 2 3 3 
0 0 1 2 3 
1 2 3 5 5 
1 1 3 4 4 
0 0 2 3 3 
0 0 1 2 2 
3 3 1 2 3 
3 3 1 1 2 
2 2 1 1 1 
1 1 1 0 0 
1 1 1 2 3 
3 3 1 1 2 
2 2 1 0 2 
1 1 0 0 1 































The frequency of the wind experienced during 1959 is also shown in Table I. 
The annual total amotmt of the product of the class number showing the surf 
height and the frequency of the wind can be calculated at each of six parts. The 
value obtained above can be considered as an index showing the degree of the 
wave action (Fig. 8). From Fig. 8 it is considered that the wave action of Section 
B is identical to that of Section C. Accordingly, the coast line around Hadakajima 
island can be divided into five sections (Section I to Section V) by the intensity of 
the wave action based on the index of the wave intensity. 
As shown in Fig. 8, five zonal structures can be distinguished around Hadaka-
jima; namely 1. The zonal structure composed of the Ohthamalus zone and the 
Melobesioideac zone at Section I; 2. At Section II the Sargassum zone is remark-
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able accompanied with the serpulid zone bctwern t he Chtlwmahts zone and the Melo-
besioidcae zone; 3. The M ytilus zone occupies the uppermost pmt of the Sm:qasswm 
zone, and the Chthamalus zone, the M ytilus zone, the SaTgassum zone and the Mclo-
besioidcae zone arc formed at Section III; <1. The M ytilus zone and the 
Corallina zone arc characteristic between the Chtlwmalus zone and the Melobcsioideae 
zone at Section IV; 5. The zonation is composed of the Chthamalt1s zone, t he 
M.ytilus zone and the Melobesioidcae zone. Thus, it is evident that there is excellent 
correspondence of the zonal structme to the degree of the wave action. 
As the observations show that the zonation in which the M ytilus zone appears 
is generally formed at the wave-exposed part, the distribution of the zonation was 
searched for along the west coast of the Natsudomari Peninsula. 
There is an association difTcrcnt from that mentioned above at t he middle 
part of the north coast of the Futago headland (Fig. 1). This is distinguished from 
the above-mentioned association by the lack of the Myti lus zone at the wave-exposed 
places, where it is considered to be natmal that the Mytilus zone should be 
present. 
The zonal structure is composed of the C!ttlwmalus zone, t he Septi;fer zone, the 
Corallina zone ancl the l\'Ielohcsioideac zone at the top of the proj ection. The 
Corallinn zone is remarkable and SaTgassttm forms a zone below the Septifer zone at 
the middle part of the proj ection. The zonation composed of the Chtlwmalus zone 
and the Mclobesioidcae zone is found at t he head of the reccs~. 
However , all of the zonal structures found in the other parts of the AsamusJ1i 
area can be classified into any of the five zonal structures distinguished at Hndaka-
J nna. Thus it may be possible to conclude that the association of the intertidal 
sessile organjsms on the rocky shore of the Asamushi area is composed of the 
recurrent appearance of such a unit pattern in the chanp;c of the zonal structure 
accompanied with the change of the wave intensity as observed at H adakajima 
(Fig. 9). 
STABILITY OF THE ZONAL STRUCTURE 
Abc (1955) reported that the increase of Jl1. edul£s was rcqgnized in 1952 com-
pared with 1932. Yamamoto and H abe (1957) stated that M. eclulis became com-
mon in Mutsu Bay in about 1948. On the other hand, Coe (1956) reported that M . 
eclulis was abundantly introduced in 1944 and its maximum population was 
maintained t ill 1949 but it abn1ptly decrease in the period from 1950 to 1951 at La 
Jolla, California. Thus it is evident that there is an ammal flucutuation of the 
Mytilus population. It had been recognized that the Mytilus zone was present all 
over the whole west coast of the Natsudomari Peninsula during 1957 to 1959, in-
chlding the middle part of the north coast of the Futago headland, where no 
Jl1ytilus zone was found in 1963. Though no observation was done to ascertain the 
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Fig. 9 
l. The upper part of the 
zonation composed of t he Chtha-
malus zone, t he Jlf ytilus zone and 
the JVIelobesioideae zone. (Feb· 
ruary, 1964; H aclakajima) .' 
2. The zonation composed 
of the Cltthamalus zone, the poor 
mussel zone. the Com1lina zone 
accompanied with Snr. lhunbe1·gii. 
(Angust . 1963. Futm~oha,na) . 
3. The zonation composed of 
the Clttlwma lus m nc accompanied 
with the Mytilus clusters and the 
Sar. llmnbeTgii zone. (F eburary, 
1964; Hadalmj ima). 
4. The zonation composed 
of the Chthamalus zone and t he 
Melobesioideae sp . zone. (April, 
1963; Y unoshima). 
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exact time of the disappearance of the Mytilus zone from the middle part of the 
Futago headland, it is clear from the above observations that M. edulis disappeared 
at some time within the period dming 1960 to the summer of 1963. But in 
1964 M. edulis was found again to form a zone below the Septifer zone ncar the west 
end of the said coast. 
From the above it may be said that the association which is characterized 
by the presence of the Mytilus zone was considerably stable dming the course of 
this study, though the distribution of the Mytilus zone somewhat fluctuated 
yearly. 
RE-FORMA1'ION OF THE ZONATION OF THE ARTIFICIALLY 
DENUDED ROCK SURFACE 
Althou•h the close rillation of the zonal structure to the intensity of the wave 
action is e~idcnt, it wa.s occ:tsionJ.lly fmmd th~t there wure different zonations 
within a limited area in which the differences of the environmental factors are 
negligible. As shown in Fig. 10, the zonal structme composed of the Chthamalus 
zone and the Melobesioideae zone, at whose upper part Cor. pilulifera and Oh. 









Fig. 10 Different zonal structures found in a 
limited area at St. 9 of Gomejima island. Left-
The natural zonation; Right- The zonation 
formed on the rock surface from which M. edulis 
was detached. I. Ghtltamalus, 2. Mytilus, 3. 
Melobesioideae sp., 4. Clwndria, 5. Corallina. 
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that C. challengeri, Cor. pil!uljfera, Ch. crassicaulis; D. dichotoma and some others 
appear on the bared rock surface which was formed by the natural or artificial de-
taching of M. edulis. The dead shells and opercula of C. cliallengeri; the fragments 
of the thalli of dead Cor. pilulifera are commonly and the dead tubes of P. cross-
landi are sometimes detected from the underside of the mussel bed. Frequently 
S. mrgatus is discovered from the underside of tho Mytilus bed. 
In Matsushima Bny,'based upon the fact that dead shells of the barnacles, 
the oysters and Hijikia fusiforme were discovered from the underside of the mussel 
bed and the dead· barnacle shells under the left valve .of oysters, it was supposed 
that the zonal structure might be formed through the successive attachment of the 
constitutent species and the covering of the early arrivals by the later ones in the 
overlapping part of the distribution range of each constituent species (Hoshiai 
1958, '59). This supposition was verified by the observations of the re-formation of 
the zonal structure on the artificially eroded rock surface at the stations selected 
in Matsushima Bay (Hoshiai 1960). 
It was expected from the above that the covering by M. edulis should be pre-
sent in the Asamushi area and that the zonation be formed through the covering by 
M. edulis as in Matsushima Bay. The artifiical denudation was an attempt too 
clarify whether the covering phenomenon is present and how the re-formation of 
the zonal structure is done at each of the five sections of Hadakajima and at a 
station of Futagohana. The successional change in the zonal structure after denu-
dation was observed at intervals. 
1. In March, 1959 denudation was done in Section I, where the Chthamalus 
zone and the Melboesiodieae zone were present. In May, 1959, C. challengeri 
settled. The lower limit of the newly formed Chthamalus zone was lower than 
that of the natural Cllthamalus zone. The Melobesioideae zone had re-formed 
by the late summer of 1959 and the upper limit of that zone extended into the lower 
part of the Chthamalus zone,. where Melobesioideae sp. at first attached to the 
rock surface and gradually spread over the Chthamalus shells. The mortarity of C. 
challengeri was high in this layer. The bared space formed by the detachment of 
dead Chthamalus shells was occupied by Melobesioideae sp., and to which C. 
challenge:ri could not attach even though in its next settling season. No change was 
found in the zonal structure of Section I during this study without seasonal 
appearance of Ra?fusia sp. which appeared both on the natural part and on the 
denvded part during winter. 
2. In March, 1959 denudation was performed in Section II, where the 
Ohthamalus zone, the serpulid zone, the Sar. thunbergii zone, the Sar. hemiphillum 
zone and the Melobesioideae zone were arranged from about H.H.W.L. to 
subtidal zone. (Fig. 11). In May, .1959 the Chthamalus zone was formed from just 
above H.H.W.L. to L.L.W.L. From spring to early summer Enteromorpha sp. 
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appeared on the part from L.L.W.L. to the level corresponding to the lower limit of 
the natural Sar. hemiphillum zone. After the disappearance of Enteromorpha sp. 
the Melobesioideae zone was found to be re-formed and Cor. pilulijera became 
perceptible at the upper part of the Melobesioideae zone. Sar. hemiphillum was 
recognized in autumn. During autumn D. dichotoma covered almost all of the 
newly formed Melbosesioideae zone. During winter Ralfusia sp. became remarkable 
in the Melobesioideae zone. From winter to spring of 1960, Heterochordaria 
abietina and Pterospongium rngosum appeared at the part where the Sar. 
thunbergii zone was present. By the spring of 1961 a few Sar. thunbergii attached 
below the Ghthamalus zone. A remarkable Sar. hemiphil/Jum zone had been 
formed and Cor. pilulifera had become its undergrowth. The seasonal variation in 
algal vegetation was nearly the same on both the denuded part and the natural 
part. The ref-roamtion of zonation was completed in 1961. No change was found 
in the zonal st-ructure of this section during the observation. 
L M H 






















Fig. 11. The re-formation process of the transect denuded in Section II. In the left-
hand the natural zonal structure is shown. A double line shows a perenial zone and a 
single line does a transient zone. 
3. The re-formation of the zonal structure composed of the Ghthamalus zone, 
the Mytilus zone, the Sar. hemiphillum zone and the Melobesioideae zone was 
exmained in Section III (Fig. 12). Denudation was done in March, 1959. Soon 
after the denudation Cladophora sp. appeared from above M.S.L. to L.L.W.L. and 
Achnanthes unipunctats appeared from L.L.W.L. to about the level corresponding 
to the lower limit of the natural Sar. hemiphillum zone. In May, 1959 the 
Ghthamalus zone was formed and the Melobesioideae zone was re-formed by the late 
summer. In early summer the Gorallina dusters sparsely occurred at the upper part 
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Fig. 12. The re-formation process of the transect denuded in Section III. The notation 
is the same as in Fig. 11. 
of the Melobesioideae zone, whose upper. limit extends to the lower part of the 
Ghthamal<tS zone. Enteromorpha sp. covered the Melobesioideae zone. After mid-
summer D. dichotoma became remarkable below M.S.L. and Gh. c..assicaulis formed 
a zone at the upper part of the Melobesioideae zone. Sar. hemiphillum was found 
at the part c~rresponding to the natural Sar. hemiphillum zone. During winter 
Ralfusia sp. and hydrozoans covered Melobesioideae sp. In the spring of 1960 
Soytosiphon lomentarius appeared between M.S.L. and the level about 50 em 
below L.L.W.L., below which Polysiphonia sp. flourished. A few stamps of Sar. 
thunbergii settled at the lower part of the newly formed Ghthamalus zone which was 
occupied by M. edulis before the denudation. By June, 1960 several masses of M. 
edulis had been formed extending from M.S.L. to L.L.W.L. It aggregated around 
the holdfast of Sar. thunbergii. A remarkable Mytilus zone was formed in June, 
1961. On the contrary ·no Gh. cmssicualis, Sar. thunbe1-gii and Sm·. hemiphillum 
set ted on M. edulis and no change was found in the zonal structure of this section 
from March, 1959 to March, 1961. 
4. In March, 1959 denduation was done in Section IV, where the zonal struc-
ture consisted of the Ghthamalus zone, the Mytilus zone, the Gorallina zone and the 
Melobesioideae zone. Enteromorpha sp., Cladophora sp., Monost1·oma angicava and 
Porphira yezoensis appeared from H.H.W.L. to the subtidal region soon after the 
denudation. One month after the denudation, Cor. pilulifera became perceptible 
not only in the layer corresponding to the natural Gorallina zone but also in the lower 
half of the zone which was covered by M. eclulis. In May, 1959 G. challengeri 
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settled and ranged from the supratidal to M.S.L. and M. eclulis settled in the range of 
M.S.L. to the lower limit of the Oomllina zone. By late August the Mytivus 
populations spread to cover the whole of the newly formed Oomllina zone. During 
the obser vation the zonal structure of this section did not change. 
5. In Section V, the Ohthamalus zone, the M ytilus zone and the Melobesi-
oidcae zone were found extending from the supratidal to subtidal zone, where 
denudation was performed in March, 1959 (Fig. 13). Between above H.H.W.L. 
n,nd L.L.W.L. Okulophom sp. formed a zone, below which Achnanthes unipun-
ctata covered the rock surface for about one meter width. In May, 1959 0 . 
challengeri settled from the supratidal to L.L.W.L., below which Melobesioideae sp. 
appeared. E nteromorpha sp. flourished in almost all of the Melobseioideac zone 
during spring and early summer. After disappearance of EntenYm01]Jha sp., 
Oh. cmssicaulis appeared from just above M.S.L. to the lower limit of the natural 
M ytilus zone (Fig. 4). Cor. pilulifem appeared at the upper part of t he Ohondrict 
zone. E nteromorpha sp. appeared both on the denuded part and on the Mytil!us 
shells of the natural part but Oh. crassicaulis and Oo1·. pilulifera were not found on the 
shells of M . eclttlis (Fig. 14) The Olacloplwm zone and the Achnanthes zone were 
pre-emptied by Oh. crassicctulis n,nd Cor. ]Jilttlijera. It is noteworthy that this 
zonal structure resembled t hat of St. 9 of Gomejima shown in Fig. 9. In the 
winter of 1960 Porphim sp. and E ndarachne binghami(w were found above M.S.L. 
and successively S. lomentarius occurred above t he Ohonclrict zone. 
In the lower part of the Ohthctmaltts zone, 0. clwllengeri was killed by the 
smothering of Ohondrict (Fig. 14). The dead Chtlwmalus shells were left from the 
rock surface bearing Chonclria and a barecl rock surface was formed between the 
Chtlwmalus zone and the Ohondri(t zone, where the spats of C. challengm·i settled in 
May, 1960. The upper limit of the Chondrict zone is about 10 em to 20 em higher 


















Fig. 13. The re-fonmttion process of the tra.nsect denuded in Section V. T he notation 
is the same as in Fig. 11. 
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Fig. 14. The Chthmnalus zone and t he Chonil?·ia zone formed on the rock surface 
denuded in March, 1961. To indicat e the upper limit of t he 111ytilus zone, a part of the 
1lfytilus zone was left, which is shown at t he upper left hand part of the photograph. 
during autumn and winter than that during spring and summer. Between t he 
two upper limits of the Chondrict zone 0. clwllengeri was killed by the short period 
covering of the holdfast of Oh. cmssicaulis . A similar relation was seen between 
D. clichotoma and 0. clw llengeri. The covering of D. clichotoma and Clz. cmssicaulis 
seems to be one of the causes for the lower part of the Chthamalus zone being 
populated by onl.y young individuals (Kato et al. 1960). 
During this observation no change was found in the zonal structure of Section 
V. The zonation similar to the natural one had been re-formed by March, 1961. 
6. The re-formation of the zonal structure on the north shore of Futagohana, 
was composed of Chthamalus zone, the S eptifer zone, the Mytilus zone and the 
M:elobesioidcae zone. The Septifer zone was remarkable compared with the other 
parts from Futagohana to Asamushi. A denudation was made in November, 1960. 
By May, 1961 0. clzallengeri had settled from above H .H .\V.L. to L.L.vV.L., below 
which the Melobesioideae zone had been re-formed; at its upper part Om·. 
pilulifem appeared. By June, 1962 J.l1. eclttlis appeared as small patches on the 
lower part of the Ohthamtaltts zone and as large flecks at the upper part of the Melo-
besioideae zone where the Corallina clusters were formed. By lVIay, 1963 a Mytilus 
zone was formed. A few small S. virgatus were detected in the M ytilus clusters but 
no Septifer zone had been formed till 1964. The zonal structure of this part did 
not change during this observation. 
From the above observations the so-called covering phenomenon was confired. 
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M. edulis covered 0. challengeri, Sar. thunber_gii, Sar. hernipyillum, Cor. pilulifera, 
Oh. erassicaulis, Melobesioideae sp. and so on. Sar. thunbergii and Cor. pilulifera 
concealed 0. challengeri. 
0. challengeri was replaced by Melobsesioideae sp. without covering in the 
overlapping area of the two species as found in Section I. The replacement of the 
constituent is brought about not by the direct covering of the later arrivals but 
by the gradual and substitutional occupation of the space available for the settle-
ment of the early settler by the later ones. The gradual occupation is common 
in the algal vegetation (Kitchlng 1937, Katada and Matsui 1953, '54). 
The zonal structure is modified through the process that the later occupants 
prevent the early settlers from reattachment of their zones succe,sive to the cover-
ing or the gradual occupation. 
Therefore, the zonal stucture different from the natural one appears on the 
artificially dendued transect and it grades into the zonal structure similar to the 
natural one through the successive settlement of new arrivals. And the distribu-
tion range of the early settlers is influenced by .the covering or the gradual . occupa-
tion of the later arrivals, accompanied with the prevention of the reattachment 
of the early settlers. 
Hoshiai (1960) observed that two different zonal structures were formed on 
two belts denuded at different seasons, on a vertical surface of a granite rock, which 
was covered by the Ohtharnalus zone and the Mytilus zone in Matsushima Bay. In 
May, 0. challengeri settled from above the high water level to above the low water 
= """ )56 M57 M58 
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Fig. 15. Two different zonal structures formed on two belts denuded in- May, 1956 
(upper row) and in December, ~956 (lower row) 1. Ohtham;alus, 2. Orassostrea, 3. My~lius, 
·4. Balanus. · 
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level on the belt denuded in May, 1956. Balanus cariosus formed a. zone from below 
the high water level to above the low water level by May, 1957 on the belt denuded 
in December, 1956 (Fig. 15). In May, 1957 0. challengeri settled above the 
Balanus zone but not on either the Ohthttmalus shells or the Balanus shells. 
Consequently fmther denudations were performed at every sections of Hadaka-
jima in July and in November, 1959 to examine how the process of the zone reforma-
tion was modified by the season the denudation was done. 
l. At Section I, the Ohtharnalus zone was formed in May, 1960 and the Melo-
besioideae zone formed in the summer of 1960 on the transects prepared in July and 
in November, 1959. 
2. At Section II, Enteromorpha sp. appeared below L.L.W.L. shortly after 
denudation in July, 1959. D. dichotoma covered the part corresponding to the 
natural Sar. hemiphillum zone and small tufts of Om·. pilulifera appeared among the 
Dictyota carpets after summer. Melobesioideae sp., Ralfusia sp. and hydrozoans 
were remarkable during winter below M.S.L. C. challengeri settled between the 
H.H.W.L. and L.L.W.L. in May, 1960. The same seasonal appearance of algae 
as observed in 1959 was found in 1960. Sar. hemiphilhtm became perceptible in the 
autumn of 1960. 
The other transect was denuded in November, 1959. During winter the seden-
tary diatoms covered the rock surface below M.S.L. Afterwards the zonation 
varied through t,he same process as observed on the transect denuded in March, 
1959. 
3. At Section III, the upper part of the subtidal zone of the rock surface 
bared in July, 1959 was covered by Enteromorpha sp. immediately after denudation. 
D. diolwtoma appeared as flecks in the Melobesioideae zone during autumn. 
Ralfusia sp. and hydrozoans were conspicuous during winter. During spring S. 
lomentarius appeared from M.S.L. to the level about 50 em helow L.L.W.L. 
Polysiphonia sp. was luxuriant below the Scytosiphon zone. C. ehallengeri settled 
in May and a few M. edulis in June, 1960. Sa.r. hemiphillum became perceptible 
until autumn. A distinctive Mytilus zone was formed in June, 1961. 
On the bared rock prepared by artificial denudation in November, 1959, 
hydrozoans hecame remarkable below i\'LS.L. to the level 50 em below L.L.W.L. 
and below which Polysiphonia sp. arrived in spring. Afterwards the zone-
forming species appeared in the same order as observed on the transect denuded in 
July, 1959. 
4. At Section IV, Cor. pilulifera had become luxuriant by autumn on the 
part corresponding to the lower half of the Mytilus zone in the transect denuded 
in July, 1959. From autumn to spring Ch. orassicaulis and Symphyoeladia latius-
eula appeared at the upper part of the newly formed Corallina zone and Porphim 
yezoensis, Monostroma angioava and Polysiplwnia sp. arrived at its lower part. C. 
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challengeri settled from H.H.W.L. to L.L.W.L. in May, 1960. M. edulis appear-
ed in the Corallina zone in Jnne, 1960. 
The rock surface which was dennded in November, 1959, was smothered by 
sedentary diatoms dnring winter. Dnring spring Porphira sp., E. binghamiae and 
S. lomentarius flnorished on the upper part of the intertidal zone and Polysiphonia 
sp. on the·l0wer part. C. challengeri settled in May and M. edulis in Jnne, 1960. The 
zonal structnre of both transects became similar to that of the natural one of this 
section by the spring of 1961. 
5. On the transect :of !3ection V denuded in July, 1959, Enteromorpha sp. 
appeared shortly after denndation. D. dichotoma was fonnd dnring antnmn. 
Dnring winter the sedentary diatoms were fonnd below M.S.L. In the spring of 
1960 E. binghamiae, S. lomentarius and Polysiphonia sp. appeared in this order from 
H.H.W.L. to the snbtidal zone. C. challengeri settled from the snpratidal to L.L. 
W.L. in May, 1960. In June, 1960 M. edulis was distributed sparsely on the 
lower part of the Chthamalus zone and densely on the upper part of the 
Melobesioideae zone, where Cor. pilulifera was fonnd to form short tufts. 
The part below M.S.L. of the transect dennded in November, 1959 was covered 
with dense sedentary diatoms dnring winter. Mterwards the snccessional change 
of the sessile organisms was the same as on the of July, 1959. 
From the statements above it may be said that the final and stable zonal 
strnctnre and the course of the zone re-formation are particular to each location and 
were hardly modified by the season of the denndation thongh the appearance of 
some pioneer species were determined by the season when the denndation was done 
(Kitching 1937, Fahey and Doty 1949). 
As in Matsushima Bay it was noted here that the appearance of some species 
were affected by not only the season of the denndation but also by the presence or 
the absence of early settlers. In Section V, Cladophora and Achnanthes did not 
appear in their settling season on the transect formed in March, 1959, which was 
populated by C. challengeri and Ch. crassicaulis and also on the transects formed 
in Jnly and in November, 1959, where S. lomentarius was fonnd. On the other 
hand, the distribntion range of S. lomentarius is also restricted between H.H.W.L. 
and the npper limit of the Chondria zone on the transect dennded in March, 1959 bnt 
it is distributed from M.S.L. to the ·level corresponding to the lower limit of the 
Chondria zone on the transects formed in Jnly and in November, 1959. These 
differences in the distribution of the algae were dne to the pre-empty action of 
the early settler. To ascertain the above, three belts were dennded in March, 1963 
and in Jannary and March, 1964 in Section V of Hadakajima .(Fig. 16). As shown 
in Fig. 16, there appeared fonr different zonal structnres within a limited area. M. 
edulis pre-emptied E. binghamiae, Ch. crassicaulis, S. lomentarius, Cladophora sp. 
and Achnanthes. The appearance of S. lomentarius, Cladophora sp. and Achnantlws 
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Fig. 16 Different zonal structures formed on the belts denuded at different time. 
I. Clttltamalus, 2 . .1.l1ytilus, 3. Melobesioideae sp., 4. Endarachne, 5. Scytosiplwn, 6. 
Olwndria, 7. Cladophora sp., 8. Achnanthes. 
was prevented by Ch. crassicaulis. Cladophora sp. and Achnanthes were folmd on 
the bared rock surface. These facts agree with the above prospect. 
It is noteworthy that all of them were concealed at the same time by the cover-
ing of M. lilluUs during a snbseqnent sera! stage. 
The zonation composed of the Chthamalus zone and the Melobesioideae zone 
appeared as a common zonal strnctnre in almost all denuded transects in the 
early sera] stage. · This zonal structure was left as it was at Section I. The lower 
part of the Ch!hamalus zone and the upper part of the Melobesioideae zone were 
occupied by Sargassum at Sections II and III, by Corallina at Section IV and by 
Olwndria at Section V. Subseqnently a part or all of the Sargassum zone, that of 
the Comllina zone and that of the Clwndria zone were covered by M. edulis. 
The same successional change of the zonal structure as observed at each of the 
sections of Hadakajima was recognized in each place corresponding to each of the 
sections throughout the Asamnshi area. 
FORMATION OF THE MYTILVS ZONE 
As shown above, 111. edulis had a wide horizonta.! distribntion area and it 
occupied a considerable part of the intertidal zonation at the wave-exposed part. 
It was shown that the distribution area of some species was limited by the covering 
of M. eclulis. Thus it is clear that M. edulis plays an important role in the 
characterization of the zonal structures in the Asamllllhi area. 
Dnring conrse of the zone re-formation the appearance of M. edulis was 
considerably nncertain. In Jnne, 1960 M. edulis settled on the transects prepared 
in March, July and in November, 1959 in Section V and on two transects which 
were made in July and November, 1959 in Section IV. The three belts denuded in 
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March, 1963 January and March, 1964 were occupied by M. edulis at the same time 
in June, 1964. Reish (1964) detected the similar phenomenon in the Mytilus 
community on floats. ' 
On the contrary, it was noted that there was a difference in the time required 
for the complete re-formation of the zonation, in which the Mytilus zone was 
included, on the rock surface denuded at the same time. The Mytilus zone was re-
formed within one year on the transect of Section IV which was denuded in Ma,rch 
1959 but it required two years to re-form the Mytilus zone on the transects of 
Sections III and V denuded in March, 1959. Thus an attempt was made to con-
sider the time lag in the re-formation of the Mytil"s zone. 
One denuded transect was made on the north shore of Futagohana and two on 
the south shore in November, 1960 to examine whether the time lag in the re-
formation of the Mytil"s zone was commonly throughout. Before the denudation 
the zonal structure on each of the three transects was composed of the Chthamalm 
zone and the Melobesioideae zone and they resembled one another. On the 
transect of the north shore, the Chthamal"s zone, the Corallina zone and the 
Melobesioideae zone were formed by late May, 1961. In May, 1962 M. edulis 
appeared as small patches at the lower part of the Chthamalus zone and as 
flecks at the upper part of the Corallina zone. By May, 1963 a remarkable Mytilm 
zone was formed. On one of the transects of the south shore, the Chthamalus zone 
and the Melobesioideae zone were formed by May, 1961 and the Chondria zone 
appeared between the above two zones by May, 1962. This zonal structure did 
not change until June; 1964 when M. edulis was attached to the base of the IJO!dfast 
of 0/wndria. M. edulis had covered Ch. crassicaulis by August, 1964. , On the 
south shore the Chthamalm zone, the Corallina zone and the Melobesioideae zone 
were formed by May, 1961 and no change was found in the zonal structures of this 
transect until August, 1964. 
The observations described above showed that the time lag in the repopulation 
of M. edulis might be common and that it was not brought about by the dif-
ference of the early settler. 
On the other hand, it has been pointed out that the extenil where the settlement 
of M. edulis occurs somewhat fluctuated from year to year. Thus, further 
observations were done on tllis problem. In each of Sections IV and V of Hadaka-
jima a denuded square was formed in the L.L.W.L within the Mytilus zone in 
February, 1962. 
a) 1. The denuded square of Section IV was repopulated by Cor. pilulifera 
and that of Section V by Ch. crassicualis by June, 1962. No. M. edulis appeared 
during 1962 and 1963. Both the Corallina square and the Chond,·ia square were 
left as they were until May, 1964, though Cor. pilulifera became conspicuous in the 
Chdndria square. In June, 1964 M. edulis settled on both squares. 
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2. In each of both sections a denuded square was set at the sides of the 
former one in March, 1963. The square of Section IV was characterized by Cor. 
pilul~fera and that of Section V by Ch. crassicaulis until May, 1964, when M. 
edulis settled on both squares. 
3. The third square was set beside the squares of each section in March, 1964. 
The short and small tuf,ts of Cor. pilulifera became perceptible on the square of 
Section IV in May, 1964. The settlement of M. edulis was recognized in June, 
1964. It is observed that M. edulis attached to all of Cor. pilulifera, Ch. crassic 
aulis, Melobesioideae sp. and the bare rock surface. 
b) 1. The rock surface denuded in late May, 1964 was populated by M. edulis in 
June of the same year. 
From observations above it seemed that the area where M. edulis settles fluctu-
ates from year to year. And it was considered that the time reqllired for the 
complete re-formation of the zonation in which the Mytilm zone is involved seemed 
to be related to place where the denuded part is included within the area where 
M. edulis can settle. When a part was included in the area where M. edulis could 
settle, it appears to settle less depending upon the difference of the substrata. 
These are disagreeable with the fact observed in Matsushima Bay as given below. A 
denudation was performed on a rock which was covered by M. edulis. The 
buried Crass. gigas was found from the underside of the Mytilus bed. Two belts 
were set on a ve.rtical surface of this rock in May, 1956. On one belt only M. 
edulis was rem9ved and Crass. gigas was left and on the other both M. edulis and 
Crass. gigas were detached completely. Within one month after treatment, C. 
challegneri attached to the rock surface but not to the Crassostrea shells. By May, 
1957 the Crassostrea belt was concealed by M. edulis but the Chthamalus belt 
remained as it was. Consequently it was considered that the shells of Crass. gigas 
provided a better substratum for the settlement of M. edulis than C. challengeri. 
The facts that the early settlers are advantageous for the settlement of the 
later ones were reported by several investigators (Hatton 1932, Rees 1940, North-
craft 1948, Katada, 1955), but on the contrary, Kitching (1937) mentioned that 
the early arrivals do not appear to be favourable for the settlement of the latter 
ones except in so far as they form a substratum for them. It has been reported 
that M. eduils attached to the Septifer shells in spite of the shells of S. virgatus being 
not a favourable substratum for the settlement of the former (Hoshiai 1964a). 
Thus an observation was made to exanline the relation between the settlement 
of M. edulis and its substrata. In March, 1963 three denuded belts were set at 
the seaward top, the middle part and the base of small spur, which is located in 
Section IV of Hadakajima. They are separated from one another by a distant of 
about two meters. There was a zonal structure composed of the Chthamalm zone, 
the Mytilm zone, the Corallina zone and the Me!obesioideae zone on each of them. 
120 T. ROSHIAI 
By April, 1964 the Chthamalus zone, the Corallina zone and the l\'lelobesioicleae zone 
were formed on all of them (Fig. 17). Sometimes Ch. crassicaulis was associated 
with Cor. pilulifera at the upper part of the Corallina zone. In late April, 1964 
another denuded belt was set at the side of each of the above-mentioned three belts. 
In May, 1964 C. challen,qeri appeared and Me!obesiodieae sp. became somewhat 
remarkable but no Cor. pilulifera was found on the newly formed belts. In June, 
1964 M. edulis settled. M. edulis formed a compact zone from above M.S.L. to 
below L.L.W.L. on both belts at the top of the protrusion, without regard to 
ihe presence and absence of Cor. pilulifear and Ch. crassioaulis. As for the belts 
at the middle part of the protrusion JJ1. edulis settled above M.S.L. in and arotmd 
the clusters of Cor. pilulifera and Ch. crassicaulis but· below M.S.L. M. edulis 
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Fig. 17 Relation between the settlement of .. ilf. edulis and its substrata under different 
environmental conditions. 1. Ohthamalus, 2. jlfytilus, 3. Melobesioideae sp. 4. Corallina. 
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attached to the rock surface and Melobesiodideae spc on the belt denuded in 1963. 
On the belt formed in 1964, M. edulis appeared below M.S.L. forming a distinct 
zone. On one of tho bolts at the base of the protrusion, which was formed in 
1963, M. edulis appeared above M.S.L. aggregat.ing in and around the clusters of 
Cor. pilulifera and Ch. crassicaulis but few M. edulis appNired below M.S.L. No 
M. edulis was fotmd on the belt denuded in 1964. 
It is considered that the interrelation between M. eilulis and Cor. pilulifera 
or Ch. crassicaulis is variable and that it changes with the difference of the situation 
where they appear together namely whether above or below M.S.L. and wehther 
near the top of the protrusion. 
Above M.S.L. the rock surface dries up during low tide on fino and calm days 
in late spring and summer but Cor. pilul~fera and Ch. cmssicaulis offer a mosit-
urous habitat for the Mytilus spats. Thus it is probable that the invasion of M. 
edulis was earlier in the area where Cor. pilulifera or Ch. crassicaulis was present 
than in the area where they were absent. The similar phenomena were reported 
by Hatton (1932), Roes (1940) and Northcraft (1948). 
Below 1\f.S.L., M. edulis attached to both the Corallina tufts and the rock smface 
at the top of the protrusion. But it settled on only the rock surface and not on the 
Corallina tufts at the middle part of the protrusion. Cor. pilulifera appeared to be 
unfavourable for the settlement of M. edulis. No M. eilulis appeared on either 
belts at the base of the protrusion. Such a change in tho interrelation between 
Cor. pil"lifera nnd M. edulis as mentioned above seemed to be correlated with 
the intensity of wave action although there is no adequate evidence. 
A similar relation was recognized between the settlement of M. eil"lis and tho 
full grown individuals of M. edulis. Yotmg M. edulis was found about the 
aggregations of M. eclulis above 1\f.S.L. but 'few are discovered from the Mytihis 
bed below M.S.L. 
From the observations concerned with the time lag in the re-formation of the 
Mytilus zone, it is concluded that tho re-formation of the zonal structure in the 
Asamushi area was influenced by the annual fluctuation of the settling area of M. 
edulis and that the time required for the complete re-formation of the Mytilus zone 
was sometimes affected by the difference of the early settlers at the restricted part 
within the area whore M. ed"lis could settle. 
GENERAL CONSIDERATION ON THE ZONAL STRUCTURE 
It has been assumed that zones of intertidal sessile organisms are arranged 
according to the gradient of the environmental factors from the high water level to 
low water. Tidal factors and wave action have been concerned mainly as environ-
mental factors. However it is difficnlt to consider the gradual change of 
environmental conditions as the cause of the sharp boundaries between zones. 
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Recently the interspecific competition was attended as one of the factors making the 
zones boundaries sharp (Doty 1957, Southward 1958). 
Many investigators have reported on the presence of the interspecific 
competition among intertidal sessile organisms (Moore 1935, Moore and Kitching 
1939; Kanda 1947, Guiler 1950, Katada 1952, Southward and Orton 1954, South-
ward and Crisp 1954, Lewis 1954, 57, Endean et al. 1956). As most of the records 
were based only upon field observations, it seems to be difficult to distinguish the 
results of the competition from the effects of other factors. Katada (1952) 
examined the interspecific competition between I!ijikiafusiforme and Sar. thunbergii 
and Connell (196la, b) analyzed the competitive relation between Ohthamalus 
stellatus and Balanus balanoides. 
On the other hand, since theShelford's negative comment (1930), many workers 
endevonred to clarify whether the ecological succession is present in the intertidal 
communities on the rocks. Some dealt with the successional change in the com-
munities of sessile organisms appeared on the denuded square or on the newly 
settled substratum prepared within such a limited area as a zone. Hewatt (1935) 
recognized that the barnacle zone which was formed on the artificially denuded 
square prepared within the Mytilus californianus habitats was attenuated by the 
invasion of M. californianus into its lower part. Northcraft (1948) and Rees 
(1940) observed the forming of the aglal zonation. Kanda (1947) observed that 
the distribution range of Gloiopeltis furcata was narrowed by the settlement of 
barnacles, mussels and some algae and emphasized the importance of the ecological 
succession in the study concerning the vertical distribution range of intertidal seden-
tary organisms. It is noteworthy that these facts seem to be useful at the same 
time to prove the presence of the interspecific competition especially the competi-
tion for the space in the intertidal sessile organisms. 
Chapman (1943) mentioned that many denudation experiments should be done 
under ·different enviromnental conditions to clarify the mechanism of zone-
formation but the above works were done within a restricted area except Rees's 
work (1940). 
Hoshiai (1961) recognized that 0. challengeri, B. amphitrite albicostatus, Grass. 
gigas, S. virgatus and M. edulis were the conspicuous zone-formers in Matsushima 
Bay. At the place where all of them appear at first the zones of barnacles were 
formed and successively a part of the barnacle zone was covered by oysters or 
mussels and a part of the oyster zone was concealed by the mussels. At the place 
where no mussels distribute, the zonation was composed of the barnacle zone and 
the oyster zone and it continued as it was. At the place where both oysters and 
mussels do not appear, the barnacle zone was maintained. The zonal structures in 
the Asamushi area were classified into five patterns based upon the composition of 
the zone-forming species, whose distribution ranges correlated well with the intensity 
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of the wave action. The zonation composed of the Ohthamalus zone and the 
Melobesioideae zone was re-formed as a common zonal structure of the early sera! 
stage in almost all of the denuded transcts. At most wave-protected place this 
zonal structure remained as it was. Accompanied with the increase of the wave 
intensity the lower part of the Ohthamalus zone and the upper part of the Mclobesi-
oideae zone became occupied by the Sargassum zone and the Oorallina zone. At 
the wave-exposed part, '111. edulis appeared and it concealed a part of the Ohth-
amalus zone and the Melobesioideae zone, and a part or all of the Sargassum zone, 
the Oorallina zone and the Ohondria zone. The findings in the Asamushi area 
are analogous with the results obtained from Matsushima Bay. 
Therefore, it may be said conclusively that the zonation is formed through the 
process that the zone-forming species settle according to their characteristic 
distribution range, that the early settlers were subsequently replaced by the later 
arrivals in the overlapping part of the distribution range of each of the said 
zone-forming species and that the later occupants prevent the early ones from 
reappearing in all or in a part of their zones. 
It is conceived that the attenuation of the zone of the early arrival by the 
later one and the replacement of the early settler by the later one with the progres-
sion of the zone re-formation are identical to the phenomena named competition 
for space or ecological succession. Accordingly, it may be said that the 
process of the zone-formation found in Matsushima Bay and in the Asamushi area 
should be common in all places from which the competition for space 01' the 
ecological succ~ssion were reported. 
The ecological succession was found both on the natural reef and on the con-
crete blocks of the subtidal region as: well as in the intertidal (Ito, 1959, Ktiching 
1932). Furthermore it was detected in the intake duct of cooling sea water of 
the plant (Ito and Kataoka 1958, Mawatari et al. 1962, Hoshiai 1964b), where 
the covering was recognized. The ecological succession on the matter suspended or 
floated in the sea was attended (Scheer 1945, Hoshiai 1956, Kazihara 1964) and the 
importance of the covering in the course of succession of the sessile animal com-
munities was pointed out by the latter two authors. 
Therefore it may be said that the dynamics of sessile organisms mentioned 
above may be recognized generally in the association of sessile organisms. 
SUMMARY 
The intertidal zonation of the Asamushi area was studied with special 
reference to its re-formation. 
The zonal structures of the Asamushi area were classified into five structures 
based upon the composition of the zone-formers. The horizontal distribution of 
the zonal structure corresponded well to the degree of the wave action. At the 
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most protected place, the zonation wasformecl by the Chthamalus zone and the Melo-
besioideae zone. The following zonations appear accompaning with the increase 
of the wave intensity: the zonation composed of the Chthamalus zone, the 
Sargassum zone frequently with the serpulid zone and the Melobesioideae zone; 
the zonation composed of the Chthamalus zone, the Mytilus zone, the Smyassum 
zone and the Melobesioideae zone; the zonation composed of the Chthamalus 
the Mytilus zone, the Corallina zone and the Melobesioideae zone; and the zona-
tion composed of the Chthamalus zone, the Mytilus zone and the Melobesioideae 
zone. 
The association of the sedentary organisms which is composed of five zonal 
structures are distributed on almost all parts of the west coast of the Natsudomari 
Peninsula and it was stable during the course of this study. 
The zonation composed of the Chthamalus zone and the Melobesioideae zone 
appears as a common zonal structure of the early sera! stage on the artificially 
dendued rock surface in almost all parts of the Asamushi area. At the most 
protected place thls zonal structure was left as it was. With the increase of 
the wave exposure, the Sargassum zone, the Corallina zone, the Condria zone and 
the Mytilus zone appeared covering the lower part of the Chthamalus zone and the 
upper part of the Melobesioideae zone. In the overlapping area of their distribu-
tion area the replacement of the dominant species was recognized. 
As M. edulis plays an important role in the characterization of the zonal 
structures in the Asamushi area, its behaviour in the zone-forming proce~s was 
studied. 
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